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(54) Vehicular air conditiong apparatus comprising hybrid compressor 



(57) In the vehicular air conditioning apparatus ac- 
cording to the present invention, for a drive source, ei- 
ther the vehicular engine or an electric motor may be 
selected and connected to the compressor. According 
to the control of the present invention, the main control- 
ler of. the air conditioning apparatus always calculates 
both of the compressor power consumption which oc- 



curs if it is driven by the eng ine and the compressor pow- 
er consumption which occurs if it is driven by the electric 
motor. Comparing the results of these calculations, the 
main controller connects the less energy consuming 
drive source to the compressor. By this selective control 
of the drive source of the compressor, it is possible to 
save effectively the total energy consumption of the ve- 
hicle. 
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Description 

[0001 ] The present invention relates to a vehicular air 
conditioning apparatus. More particularly, this invention 
relates to a vehicular air conditioning apparatus that al- 
ways selects a compressor drive source that minimizes 
power consumption of the compressor from among a 
vehicular engine and an electric motor. 
[0002] Generally, a vehicular air conditioning appara- 
tus comprises mainly an air duct having a fan, a refrig- 
eration circuit that cools the air flowing through the air 
duct, an engine cooling water circuit that heats the air 
flowing through the air duct, and a main controller. The 
refrigerant In the refrigeration circuit is forcibly circulated 
by a compressor. Usually, the conventional compressor 
drive source is the engine of the vehicle. 
[0003] In recent years, however, a different kind of 
compressor, known as a hybrid compressor, of which 
the drive source can be selected from among the engine 
and an electric motor, has become available. This com- 
pressor can be driven either by! the vehicular engine or 
the electric motor when the engine is stopped. At 
present, the best way forselecting the compressor drive 
source has not been established. One technical idea re- 
garding the selection of the drive source is disclosed in 
Japanese Patent Publication Hei 10-291415. 
[0004] The logic of the selection for the compressor 
drive source according to the Hel 1 0-29141 5, is basical- 
ly simple. It dictates to select the engine as the com- 
pressor drive source if the engine is running and to se- 
lect the electric motor as the compressor drive source 
while the engine is at rest. 

[0005] According to analysis by the inventor of the 
present invention, this selection does not contain any 
power consumption saving for the entire vehicle. For ex- 
ternal conditional parameters for the vehicular air con- 
ditioning apparatus equipped with the hybrid compres- 
sor, parameters concerning the thermal load on the air 
conditioning apparatus e.g., ambient temperature, en- 
gine rotational frequency, battery voltage and so on, 
may be named. These external conditional parameters 
change continuously. 

[0006] According to further analysis by the inventor of 
the present invention, it has been (found that it is less 
energy consuming to drive the compressor using the 
electric motor in some conditions, even if the engine is 
running. And in addition, it has been found that there 
exists conditions in which it is also less energy consum- 
ing to drive the compressor using the engine when the 
engine is running. 

[0007] The object of the present invention is to provide 
a vehicular air conditioning apparatus capable of per- 
forming a selection control of the compressor drive 
source that always minimizes the resultant compressor 
power consumption. The main controllerof the vehicular 
air conditioning apparatus according to the present In- 
vention has means for estimating the compressor power 
consumption assuming both the case where the com- 



pressor is driven by the engine and where the compres- 
sor is driven by the electric motor, and comparing means 
for comparing the results of the estimations. Based on 
the decision of the comparison, the main controller con- 
5 nects to the compressor the less energy consuming 
drive source, thereby saving effectively the total power 
consumption of the entire vehicle. 
[0008] Other objects, features, and advantages of this 
invention will be understood from the following descrip- 
io tion of preferred embodiments with reference to the 
drawings, in which: 

Fig. 1 is a schematic structural diagram of a vehic- 
ular air conditioning apparatus according to the em- 
bodiment of the present Invention; 
Fig. 2 is a control chart of Fig. 1 ; and 
Fig. 3 is a modification of Fig. 2. 

[0009] In Fig. 1, a vehicular air conditioning apparatus 
1 according to the present invention is shown. This ve- 
hicular air conditioning apparatus 1 comprises mainly a 
water circuit 40 in which engine cooling water circulates, 
and a refrigeration circuit 17 in which a refrigerant cir- 
culates. 

[001 0] The water circuit 40 comprises a vehicular en- 
gine 23 and a heater core 8 provided in an air duct 2. In 
the water circuit 40 the engine cooling water is circulat- 
ed. The engine cooling water is heated in the engine 23, 
and transfers that heat content via the heater core 8 to 
air flowing in the air duct 2. 

[0011] The refrigeration circuit 17 comprises a com- 
pressor 18, a condenser 19, a receiver 20, a pressure 
sensor 22, an expansion valve 21 , and an evaporator 7 
disposed in the air duct 2. The refrigerant discharges 
heat at the condenser 19 that is provided outside the 
vehicular compartment, and absorbs heat via the evap- 
orator 7 that is disposed in the air duct 2 from the air 
flowing through the air duct 2. 

[001 2] In the air duct 2, a fan 6, the evaporator 7, the 
heater core 8, an air mix door 10, and dampers 11, 12, 
13 are disposed in this order. The fan 6 sucks air from 
either an inside air intake 5 or an outside air Intake 4 
and blows it toward the direction of the dampers 11,12, 
13 in the air duct 2. A damper 3 selects the air that is 
sucked by the fan 6 from among the inside air intake 5 
and outside air intake 4. The anguiar position of the 
damper 3 may be either controlled manually or by an 
action of a main controller 25. The air is then blown into 
the air duct 2. When passing through the evaporator 7, 
the air is cooled. When passing through the heater core 
8, the air is rewarmed. By controlling an angular position 
of the air mix door 10, it is possible to control the ratio 
of the amount of the air that passes through the heater 
core 8 and the amount of the air that bypasses the heat- 
er core 8. The air that has been thus temperature con- 
ditioned is then discharged into the compartment of the 
vehicle via discharge ports 14,15, and 1 6. The dampers 
11, 12, and 13 control the opening degree of the dis- 
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charge ports 14, 15, and 16 respectively. 
[0013] The compressor 18 can be driven by the en- 
gine 23 via a clutch 24. If the clutch 24 is turned on, then 
the driving force of the engine 23 is transferred to the 
compressor 18. Further, an electric motor 26 is provided 
integrally with the compressor 18. That is, the drive shaft 
of the compressor 18 is integrally formed with the rotor 
shaft of the electric motor 26. Accordingly, when the 
clutch 24 is turned off, i.e., when the engine driving force 
is not transferred to the compressor 18, then the com- 
pressor can be driven by the electric motor 26. It is the 
key point of the present invention how to select the driv- 
ing source of the compressor from the engine 23 and 
the electric motor 26. 

[0014] Electric power is fed to the electric motor 26 
from an electric motor drive circuit 29 so as to control 
the rotational frequency of the electric motor 26. The 
electric motor drive circuit 29 is fed from a battery 28. 
The engine23 drives an alternator 27 too. Electric power 
generated by the alternator 27 is used to charge the bat- 
tery 28. The voltage of the battery 28 applied to the elec- 
tric motor drive circuit 29 is measured by a voltage-cur- 
rent sensor 30. 

[0015] The main controller 25 receives a signal from 
the voltage-current sensor 30. Further, the main control- 
ler 25 receives signals from a sensor 33 of temperature 
of air discharged from the evaporator 7, a room air tem- 
perature sensor 34, a sunshine quantity sensor 35, an 
ambient air temperature sensor 36, the pressure sensor 
22, an engine controller 37, and a room temperature set- 
ting device 31 . The pressure sensor 22 sends a signal 
representing the magnitude of pressure of high pressure 
side of the refrigerant circuit 17 to the main controller 
25. The engine controller 37 sends a signal indicating 
engine rotational frequency to the main controller 25. 
The room temperature setting device 31 sends a signal 
indicating set temperature desired by the passenger. 
The voltage-current sensor 30 sends a signal indicating 
the voltage of the battery 28 to the main controller 25. 
[0016] After processing the above-named signals, the 
main controller 25 outputs a clutch control signal, a ca- 
pacity control signal, a control signal for the electric mo- 
tor drive circuit 29, a control signal for a fan voltage con- 
troller 32, and a control signal for an air mix door actuator 
9. Specifically, the main controller 25 according to the 
present invention has estimating means for estimating 
the compressor power consumption and a comparing 
means for the estimated compressor power consump- 
tion that will be described below. 
[0017] A more concrete picture of the control of the 
present invention is shown in Fig. 2. The various calcu- 
lations for controls shown in Fig. 2 are performed in the 
main controller 25. The various variables cited at the left 
side of the Fig. 2 are the quantities outputted from the 
various sensors 22, 30, 33, 34, 35, 36 and the external 
engine controller 37 and the setting device 31 , or quan- 
tities internally calculated In the main controller 25. 
[001 8] The various boxes cited at the right side of the 



Fig. 2 are resultant control output signals. That is, by the 
control signals that the main controller 25 outputs, the 
fan voltage controller 32, the air mix door actuator 9, the 
compressor 18. the clutch 24, and the electric motor 

5 drive circuit 29 are controlled. 

[0019] Tracing the upper half of the Fig. 2 briefly, in a 
box 50, a target discharged air temperature TOs is cal- 
culated from the target air temperature Trs, the sunshine 
quantity RAD, the room temperature TR, and the ambi- 

10 ent temperature AMB. Here we mean the discharged air 
is the air that is discharged from the discharge ports 1 4, 
15, 16 of Fig. 1. Referring to Fig. 2 again, in a box 51, a 
target temperature TV of air discharged from the evap- 
orator 7 is calculated. Here we mean this discharged air 

15 from the evaporator 7 is the air flowing immediately 
downstream of the evaporator 7 of Fig. 1. Referring to 
Fig. 2 again, in a box 52, a fan voltage BLV is calculated. 
The signal BLV is then sent to the fan voltage controller 
32 as a fan voltage control signal. In a box 53, a control 

20 signal AMD that specifies the angular position of the air 
mix door 10 is calculated. The signal AMD is then sent 
to the air mix door actuator 9 from the box 53. In a box 

54, a capacity control signal Ps for the compressor 18 
is calculated using a proportional-integral algorithm. 

25 The signal Ps is sent from the box 54 to the compressor 
18. 

[0020] By the above described control, the vehicular 
air conditioning apparatus 1 works so as to realize the 
proper flow velocity and proper temperature of dis- 

30 charged air that is blown from the air discharge ports 1 4, 
15, 16 and the proper temperature of discharged air 
flowing immediately downstream of the evaporator 7. 
The functions i A and f 3 that appear in the boxes 50-54 
may be composed from linear functions of which coeffi- 

35 cients and constants are chosen adequately. The func- 
tion f 2 may be composed from a valley shaped curve 
which is defined segmentally. The signs Kp1 , a, b, Kp2, 
and K n appearing in the boxes 50-54 are properly de- 
signed constants. TW is the temperature of the engine 

40 cooling water. 

[0021] In the lower half of Fig. 2 is shown a control 
that realizes the main purpose of the present Invention, 
To execute the calculations nested in boxes 55, 56, is 
the function of the estimating means of the compressor 

45 power consumptions of the main controller 25. In the box 

55, the compressor power consumption We that occurs 
if it is driven by the engine, is calculated. For the calcu- 
lation of We, the estimated compressor torque Trq and 
engine rotational frequency Ne are used as variables. 

so For the calculation of We, the variables BLV, Tin, Ps, Pd 
are used. Here the variable Tin, as suggested in the box 
55, is a function of AMB when the outside air is intro- 
duced into the air duct, and is also a function of TR when 
Inside air is Introduced into the air duct. Each function 

55 f 4 , Ve forcalculatlng the We, Trq, Tin may be composed 
using linear functions. The appropriate coefficients and 
constants of the functions f 4 , f 5 , f 6 may be determined 
by conducting a multivariate analysis on a statistical cor- 
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relation data between the input variable (BLV, Tin, Ps, 
Pd) and output variable We obtained by actual experi- 
ment action or a simulation. Of course, the functions f 4 , 
f 5 , f 6 may have functional forms other than a linearfunc- 
tion. 

[0022] In the box 56, the compressor power consump- 
tion Wm that occurs if it is driven by the electric motor, 
is calculated. For the calculation of Wm, an estimated 
electric motor power consumption Wd and an electric 
motor driving efficiency r\ are used as variables. For the 
calculation of Wd; the battery voltage Vm given by the 
voltage-current sensor 30 and a psoudo current Im are 
used. For the calculation of Im, the variables BLV, Tin, 
Ps, Pd are used. Here the variable Tin, as suggested in 
box 56, Is a function of AMB when outside air Is intro- 
duced into the air duct, and is also a function of TR when 
inside air is introduced into the air duct. Each function 
h> fe» f 9» and V or calculating the Wim, Wd, Im and Tin 
may be composed using linear functions. The appropri- 
ate coefficients and constants of the functions f 7 , f 8 , f 9 , 
and f 6 may be determined by conducting a multivariate 
analysis on statistical correlation data between the input 
variables (BLV, Tin, Ps, Pd) and output variables (Wim, 
Wd, Id) obtained by actual experiment action or a sim- 
ulation. Of course, the functions f 7 , f 8 , f 9 , and f 6 may 
have functional forms other than the linear function. 
In this way, it is possible to calculate the compressor 
power consumption We which occurs if it Is driven by 
the engine and the compressor power consumption Wm 
which occurs if it is driven by the electric motor. 
[0023] Then, in a box 57, a comparison between the 
magnitudes of the values We and Wm is made. With 
reference to the box 57 in Fig. 2, if We is greater than 
the Wm, then the electric motor is selected as the driving 
source of the compressor. This is rational. On the con- 
trary, if We is less than the Wm, then the engine is se- 
lected as the driving source of the compressor. This is 
also rational. 

[0024] The box 58 defines finer control rules for vari- 
ous conditions. Ne is the engine rotational frequency 
sent from the engine controller 37. The Inequality Ne>0 
means that the engine Is running. Ne=0 means that the 
engine Is at rest. The expression A/C=ON means a state 
in which the switch of the air conditioning apparatus is 
ON. On the contrary, the expression A/C=OFF means 
a state in which the switch of the air conditioning appa- 
ratus is OFF. 

[0025] As is already mentioned, in accordance with 
the result of comparison between the magnitudes of the 
values of We and Wm that were calculated in the boxes 
55, 56, the drive source of the compressor is selected. 
If Ne>0 and A/C=ON, and simultaneously We>Wm, then 
the electric motor 26 is selected as the driving source of 
the compressor 1 8. When the electric motor is used the 
clutch 24 Is turned off. If Ne>0 and A/C=ON, and simul- 
taneously We<Wm, then the engine 23 Is selected as 
the driving source of the compressor 18. When the en- 
gine is used, the clutch 24 is turned on. 



[0026] In the table shown in the box 58, a row of Ne=0 
and A/C=ON and a row of A/C=OFF, define additional 
control rules. When Ne=0, of course, for the driving 
source of the compressor 18 remains only the electric 

5 motor 26. Though, according to the control rule of the 
box 58, even when Ne=0 and We<Wm, exceptional driv- 
ing by the electric motor 26 is done conditionally, de- 
pending upon some condition e.g., abnormally high 
room temperature. 

10 [0027] When A/C=OFF, the compressor is switched 
off as well as the air conditioning apparatus, so neither 
driving source is used to drive the compressor. 
[0028] Thus, since the main controller always calcu- 
lates both the compressor power consumption We 

15 which occurs if it is driven by the engine and the com- 
pressor power consumption Wm which occurs if it is 
driven by the electric motor, and compares the resultant 
values of the We and Wm, and selects the less power 
consuming drive source for the compressor, naturally it 

20 is possible to save the energy of the entire vehicle. 
[0029] Fig. 3 is an example of a modification of the 
control of the present invention. Fig. 2 and Fig. 3 are 
identical except for a difference between the tables nest- 
ed in the boxes 58 and 58'. Usually, a power consump- 

25 tion limit Wml is often designated in a specification for 
the air conditioning apparatus that is presented from the 
vehicular manufacturer. The table In the box 58' in Fig. 
3 and the table in the box 58 in Fig. 2 differ in one control 
rule In a cell for Ne>0 and A/C=ON and WnrteWml. Ac- 

30 cording to the control rule of the table in the box 58', 
even when the compressor power consumption Wm 
which occurs if it is driven by the electric motor is less 
than the compressor power consumption We which oc- 
curs if it is driven by the engine, if it is greater than the 

35 power consumption limit Wml, then the engine is chosen 
as the driving source of the compressor exceptionally 
and the clutch 24 is turned on. 
[0030] By the control shown in Fig. 3, it is also possible 
to save power consumption of the entire vehicle, and in 

40 addition, simultaneously to meet the requirement of the 
specification requested by the vehicle manufacturer of 
the air conditioning apparatus. 
[0031] Although the present invention has been de- 
scribed in detail in connection with preferred embodi- 

45 ment, the invention is not limited thereto. It will be un- 
derstood by those skilled in the art that variations and 
modifications may be made within the scope of this in- 
vention, as defined by the following claims. 

so 

Claims 

1 . A vehicular air conditioning apparatus (1 ) compris- 
ing, 

55 an air duct (2); 

a fan (6) disposed in said air duct (2); 

an evaporator (7) disposed in said air duct (2); 

a heater core (8) disposed in said air duct (2); 



5/4/05, EAST Version: 2.0.1.4 



7 



EP1 285 791 A1 



8 



an air mix door (1 0) disposed at immediately 
downstream piace of said heater core (8); 

a refrigeration circuit (1 7) consisting of a var- 
iable displacement compressor (18) which can be 
driven by either an electric motor (26) directly or a 5 
vehicular engine (23) via a clutch (24), a condenser 
(1 9), a receiver (20). a pressure sensor (22), an ex- 
pansion valve (21 ). and said evaporator (7); 

a water circuit (40) consisting of said engine 
(23) and said heater core (8); io 

an electric motor drive circuit (29) that controls 
the rotational frequency of said electric motor (26); 

a temperature sensor (33) that detects the 
temperature (Te) of an air discharged from said 
evaporator (7); 1* 

a temperature sensor (34) that detects the 
room temperature (TR) in a compartment of vehicle; 

a sensor (35) that detects the sun shine quan- 
tity (RAD) 

a temperature sensor (36) that detects the 20 
ambient air temperature (AMB); 

an engine controller (37) that output an engine 
rotational frequency signal (Ne); 

a room temperature setting device (31) that 
outputs target room temperature (Trs); . 25 

a voltage-current sensor (30) that detects a 
voltage (Vm) of a battery (28) that feeds an electric 
power to said electric motor drive circuit (29); . 

a main controller (25) that processes these 
above signals and outputs control signals to a fan 30 
voltage controller (32), an air mix door actuator (9), 
said clutch (24), said compressor (18), and. said 
electric motor drive circuit (29); wherein 

said main controller (25) has means for cal- 
culating both compressor power consumption We 35 
which occurs if said compressor (18) is driven by 
said engine (23) and compressor power consump- 
tion Wm which occurs if said compressor (18) is 
driven by said electric motor (20) based on values 
of signals of the above sensors and internally cal- *o 
culated values, and a means for comparing the val- 
ues of We and Wm, and controls said electric motor 
drive circuit (29) and said clutch (24) so as to drive 
said compressor (18) by said electric motor (26) if 
We>Wm, and by said engine (23) if We<Wm. 45 

A vehicular air conditioning apparatus (1) of claim 
1, wherein: 

said means of calculating both of compressor *° 
power consumption We which occurs if said 
compressor (is) is driven by said engine (23) 
and compressor power consumption Wm 
which occurs if said compressor (18) Is driven 
by said electric motor (26), calculates them us- ss 
ing general functions of a variable (BLV) calcu- 
lated In said main controller (25). ambient tem- 
perature (AMB) detected by said sensor (36), 



room temperature (TR) detected by said sensor 
(34), a variable (Ps) calculated in said main 
controller (25), pressure (Pd) detected by said 
sensor (22), and electric motor driving efficien- 
cy to). 

3. A vehicular air conditioning apparatus (1) of claim 
1, wherein: 

said means of calculating both compressor 
power consumption We which occurs if said 
compressor (18) is driven by said engine (23) 
and compressor power consumption Wm 
which occurs if said compressor (18) is driven 
by said electric motor (26), calculates them us- 
ing linear functions of a variable (BLV) calculat- 
ed in said main controller (25), ambient temper- 
ature (AMB) detected by said sensor (36), room 
temperature (TR) detected by said sensor (34), 
a variable (Ps) calculated in said main control- 
ler (25), pressure (Pd) detected by said sensor 
(22), and electric motor driving efficiency fn.). 

4. A vehicular air conditioning apparatus (1) of claim 
1 , wherein: 

said means of calculating both of compressor 
power consumption We which occurs if said 
compressor (18) Is driven by said engine (23) 
and compressor power consumption Wm 
which occurs if said compressor (18) is driven 
by said electric motor (26), calculates them us- 
ing linear functions of a variable (BLV) calculat- 
ed in said main controller (25), ambient temper- 
ature (AMB) detected by said sensor (36) , room 
temperature (TR) detected by said sensor (34), 
a variable (Ps) calculated in said main control- 
ler (25), pressure (Pd) detected by said sensor 
(22), and electric motor driving efficiency (t|), 
wherein the coefficients and constants of said 
linear functions are determined by conducting 
multivariate analysis on statistical correlation 
data between (We, Wm) and (BLV, AMB, TR, 
Ps, Pd). 

5. A vehicular air conditioning apparatus (1) of claim 
1, further wherein: 

a conditional control rule is added according to 
which said compressor (18) is driven by said 
electric motor (26) even when said engine is at 
rest and We<Wm, if room temperature is high. 

6. A vehicular air conditioning apparatus (1) of claim 
1 , wherein: 

a control rule is added according to which said 
compressor (18) is driven by said engine (23) 
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when said engine (23) is rotating and We^Wm, 
if Wm is greater than Wml where Wml is a pow- 
er consumption limit value imposed on said air 
conditioning apparatus in a specification. 
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